A vailable optical devices such as CDs and DVDs record information on the surface of the disc. To increase the capacity of optical storage media, Spanish researchers are adapting enhanced photopolymers and sol-gels to create holographic optical storage materials with potentially far more capacity than today's optical storage media.
"The theoretical information storage capacity of holographic memories is much greater than current techniques, and that is why we are developing thick photopolymers with good holographic properties," explains Manuel Ortuno of the Departamento Universitario de Optica at the University of Alicante, Spain.
Photopolymers based on polyvinyl alcohol-acrylamide (PVA) have many useful advantages for holographic recording: they have good energy sensitivities, their spectral properties adapt to the type of recording laser by changing the sensitizer dye, and they have high diffraction efficiencies together with acceptable resolution and signal-to-noise ratios. PVA is also relatively inexpensive and easy to manufacture, which makes the material practical for commercial holographic storage applications. The Alicante research team studied 1-mm PVA samples for use as a write-once, readmany holographic storage device.
The PVA solution was deposited in polystyrene molds under the force of gravity in a darkened room. After the material had sufficiently dried it was removed from the molds, cut into squares, and attached to glass substrates before placing it into the holographic system for exposure. A continuous wave argon laser emitting at 514 nm wrote diffraction gratings in the PVA material.
First, the laser was split into two beams of 5 mW/cm 2 intensity and expanded to 1.5 cm. The object and reference beams were combined at an angle of 16.8° to produce a spatial frequency of 1125 lines/mm. The diffracted and transmitted intensities were monitored using a HeNe laser at 633 nm-a band of the spectrum where PVA has low sensitivity. Holographic efficiencies were measured as a function of the angle of reconstruction using a rotating stage.
The sum of the diffracted and transmitted intensities, which is indicative of the amount of light lost to absorp-| M a y 2 0 0 4 | SPIE's oemagazine |9
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Vitreous Forms of Crystal Could Enhance Ultrafast Lasers U sing a unique heating and cooling process for making molten glass, researchers have created a vitreous form of forsterite (Mg 2 SiO 4 ) in hopes of gaining understanding into the chemical bonds that hold invert glass materials together, potentially leading to new types of doped optical materials.
Lasers and Levitation
Although conventional wisdom says that alkaline and alkaline-earth orthosilicate materials such as Mg 2 SiO 4 cannot be vitrified, researchers at Japan Synchrotron Radiation Research Institute (JASRI; Sayo, Hyogo, Japan), Japan Atomic Energy Research Institute (Ibaraki, Japan), Tokyo University of Science (Oshamambe, Hokkaido, Japan), Argonne National Laboratory (Argonne, IL), and Containerless Research Inc. (Evanston, IL) have done just that using a containerless manufacturing method. Developed at Containerless Research Inc., the levitator suspends raw material in a process gas. A continuous-wave CO 2 laser then quickly heats the material; blocking the laser light from heating the raw material leads to fast cooling and vitrification without the adverse effects of contaminants, such as those found in a melting crucible or container. The method also eliminates crystallization on container walls, enabling many new types of glass to be made.
Researchers suspended forsterite samples in pure oxygen streams before melting the samples with a C0 2 laser to make vitreous forsterite.
( )
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INVERT GLASS tion and scattering, was relatively constant between 78
and 84%. The maximum diffraction efficiency during exposure was approximately 70%. They also found that the material has a high angular sensitivity of 0.4°; outside this angle, the diffraction efficiency of the reconstructing beam drops off significantly-a property not found in common holographic thin films and useful during holographic reconstruction. Finally, the team evaluated the thick polymers as they recorded nine distinct holographic gratings using angular multiplexing. The evaluation of the PVA material indicated high diffraction efficiency for each grating with sufficient separation between gratings to permit independent reconstruction. Another material being investigated for holographic recording is photopolymerizable organic-inorganic hybrid materials prepared by the sol-gel method. This approach is designed to avoid the Bragg detuning and shrinkage that can occur in purely organic materials. The organic molecules are homogeneously imbedded within the porosity of the inorganic matrix, resulting in very low shrinkage, excellent optical quality, and ease of processing into different forms and thicknesses. "This is critical to holographic storage applications and a focus of our work," explains Gonzalo Ramos of the Laboratorio de Instrumentacion Espacial (Madrid Spain). They recently demonstrated shrinkage of only 0.4% from the initial material thickness using a mixture of organic monomers dispersed within silica matrices.
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Silicon-Based Optical Modulator Shatters Previous Speed Record
T he ability to carry increasing amounts of data at a faster rate will be critical to the computing and communications industries in the next decade. Traditional methods in electronic circuits such as copper interconnects are reaching their limits in terms of bandwidth capability and are prone to interference issues. Photonics may provide an alternative to copper interconnects for increased bandwidth in order to meet the speed of tomorrow's microprocessors.
Using existing high-volume and well-established silicon-based manufacturing processes, researchers at Intel Corporation (Santa Clara, CA) fabricated a siliconbased optical modulator operating at 1 GHz, effectively shattering the previous 20 MHz-speed record by over 50X. The high throughput and ease of integration of silicon-based photonics avoids the high costs that limit the more exotic III-V-based photonic devices for use in applications such as long-haul telecommunications and wide area networks.
Based on a metal-oxide semiconductor capacitor design, Intel's silicon waveguide phase shifter consists of an n-type doped crystalline slab formed on a siliconon-insulator substrate and a p-type doped polysilicon rib with a gate oxide sandwiched between the two. This technology is expected to find applications in connections and busses inside large servers and rackmounted computers, connections between PCs and servers, and faster busses and interconnects inside a PC. -Phillip Espinasse EYE on technology Data Storage continued from page 9 diode lasers providing additional emission for cooling and trapping the atom.
The group first traps single atoms of rubidium in a highfinesse, optical cavity between two mirrors. The Ti:sapphire laser then excites the cavity, rather than the atom. Scattered by the cavity, photons leave with a little more energy than they had upon arrival (see figure) . "The difference is drawn from the kinetic energy of the atom, which is strongly interacting with the light field in the cavity. Therefore the atom slows down, gets cooler," explains Pepijn Pinkse of MPQ.
This cooling mechanism works well only in the direction of the cavity axis; the group is investigating ways to extend the method to the other two spatial directions. A single cold atom stored in a high-quality cavity is a fundamental system in quantum optics, and because cavity cooling allows researchers to better localize the atom in the cavity and hold it in place longer, Pinkse anticipates that more detailed studies will now be possible. This method also could be used to cool systems that cannot be optically cooled otherwise, including molecules and atoms with stored quantum information created through the excitation of Bose-Einstein condensates, for example. -Phillip Espinasse
